Polymerase chain reaction (PCR) testing using up to four primer pairs and biotinylated probes was 97.9% sensitive (188 of 192 specimens positive) and 100% specific (267 of 267 specimens negative) for detecting the presence or absence of human immunodeficiency virus (HIV) DNA in peripheral blood mononuclear cells from pediatric patients whose HIV status has been confirmed. SK38/39 and SK145/150 were the most sensitive primer pairs, respectively detecting HIV DNA in 95.6 and 95.9% of peripheral blood mononuclear cell specimens from HIV-infected children and collectively detecting all adequately tested PCR-positive specimens.
There is considerable need for a reliable laboratory method for detecting the presence or absence of human immunodeficiency virus type 1 (HIV) infection in infants who are born to HIV-infected women. Such infants are at an approximately 15 to 35% risk of acquiring HIV infection, and their numbers have increased dramatically in recent years (1, 2, 10, 24) . It has been difficult to identify infected infants during the first 6 months of life, since they often appear healthy or only have nonspecific clinical findings. In this age group, laboratory procedures, including those used to detect HIV antigens and antibodies, also do not regularly and reliably indicate who is infected (14, 19, 26) . Virus cultivation, though useful and often regarded as a standard against which other HIV diagnostic procedures can be compared, is too slow, expensive, and difficult to perform for routine HIV diagnosis (7, 14, 16, 26) .
Polymerase chain reaction (PCR) procedures, by virtue of their ability to amplify minute amounts of viral DNA from small samples, are very promising tools for HIV testing (6-9, 11, 17-20, 23, 25, 27, 29) and appear capable of matching or exceeding the sensitivity of good virus cultures for detecting HIV infection (7, 9, 19 short half-life (14 days) and the burdensome procedures required for isotope handling, cannot be used in most diagnostic laboratories.
We report our studies to optimize the sensitivity of PCR methods to detect HIV in blood specimens from pediatric patients, including very young infants, using PCR with four sets of primer pairs and nonradioactive probes.
MATERIALS AND METHODS
Patient population. The study population consisted of infants and children <13 years of age with HIV infection, or apparently at risk for HIV infection, and whose positive or negative HIV status has been confirmed. Many studied patients initially were in Centers for Disease Control (CDC) category P0 (born to an HIV-positive mother, but HIV status indeterminate) (4 Optimal testing resulted from the following procedure: 0.5 to 2.0 ml (mean, 1.4 ml) of peripheral venous blood was collected in tubes containing EDTA and stored for no more than 36 h at 4°C before processing. PBMC were then obtained from these samples by density separation on Lymphocyte Separation Medium (Organon Teknika Corp., Durham, N.C.). DNA was released from the PBMC by cell lysis (12) in a final volume of 270 p.1. Twenty-five microliters of this lysate was added to 75 p.l of PCR reaction mixture (which included one primer pair), overlaid with 100 p.l of mineral oil, and then the reaction tubes were heated to 94°C for 2 min, followed by 40 cycles of amplification at 94°C (1 min), 55°C (2 min), and 72°C (2 min). After the last cycle, polymerization was continued at 72°C for 7 min. Twenty microliters of PCR reaction products was then electrophoresed in 8% polyacrylamide minigels, stained with ethidium bromide, photographed over a UV light source, and electrotransferred to Biotrans 0.45-p.m-pore-size nylon membranes (ICN Biomedicals, Inc., Costa Mesa, Calif.). The membranes were baked at 80°C for 2 h, and virusspecific DNA bands were then detected by using the appropriate biotinylated probe and a streptavidin-alkaline phosphatase biotin detection methodology (BluGene; Bethesda Research Laboratories, Bethesda, Md.). These methods routinely detected less than 10 copies of HIV DNA in a Perkin-Elmer Cetus GeneAmplimer HIV DNA positive control.
One of us (C.D.B.) read the intensity of staining of probed bands on nylon membranes at the completion of each nylon probing. Positive results were recorded on a visual reactivity scale ranging from 0.1 (faint trace) to 4+ (strongly positive). Occasionally, specimens did not appear to amplify with one or more primer pairs (no gel bands with ethidium bromide and negative by probe). These samples were diluted between 1:2 and 1:25 with water (to reduce the concentration of inhibitors presumably present) and reamplified. Specimens were recorded as positive when HIV DNA was detected with at least one primer pair and probe. To avoid contamination with amplified products, original specimens and unamplified DNA were processed with positive displacement Table 2 ).
pipettes and meticulous technique in a laminar flow safety cabinet.
RESULTS
Specimens amplified. In these studies, 459 (95.8%) of 479 PBMC samples amplified sufficiently to produce one or more bands detectable on gels, nylon membranes, or both. Of the 20 unamplifiable samples, 19 had been prepared from specimens likely to contain inhibitors (such as grossly hemecontaminated frozen buffy coats) or had been processed by phenol-chloroform extraction methods that resulted in poor DNA release. All but 1 (0.2%) of 438 samples that were lysed as described produced detectable bands. The following results were obtained with specimens that amplified.
Findings by patient category. Of 192 specimens from 87 infants and children who are now known to be infected, 188 specimens (97.9%) were found positive for HIV after conventional testing with one or more PCR primer pairs (Table  1) . Two additional specimens, both from the same patient (Table 1 , footnote a), were eventually found PCR positive, but only after deliberate retesting. For the purpose of determining the sensitivity of our usual PCR procedures, these two specimens are counted as having tested PCR negative. All of 267 specimens from 112 uninfected patients tested negative for HIV, typically with three or four primer pairs. Our PCR tests thus were 97.9% sensitive (188 of 192 specimens positive) and 100% specific (267 of 267 specimens negative) for routinely detecting the presence or absence of HIV infection in specimens from pediatric patients whose HIV infection status has been confirmed.
Discordant PCR results. Four PBMC specimens from HIV-infected children have initially or repeatedly tested negative by PCR ( Table 2 ). The first of these samples was from an infant who tested PCR negative even though culture positive on the day of birth. Her false-negative specimen had been stored at 4°C for 3 days before mononuclear cell separation for PCR (more than twice the usual length of storage before such processing) and thus may have been suboptimal for PCR testing. PBMC samples from this infant at 1 and 4 months of age tested positive for HIV DNA. The second and third discordantly negative specimens were obtained at 7 and 12 months of age from a patient whose specimen at age 2 months was clearly positive. Only upon deliberate retesting were his later specimens found weakly positive. The fourth discordant specimen, taken from an infected asymptomatic girl at 60 months of age, was completely negative when tested twice with all four primer pairs. However, at age 62 months, the next sample from this child tested weakly positive with two primers pairs.
Findings by patient age. (Table 5 ). Not only was the frequency of detection of positive samples highest with the two gag primer pairs, but also the mean staining intensity of their probe-positive reactions tended to be appreciably stronger than that for the (6-9, 11, 19, 20, 25, 27, 29) , it is evident that careful PCR testing can reliably detect the presence or absence of HIV infection in a majority of infants and children over age 3 months. However, below age 3 months, the reliability (particularly the sensitivity) of published PCR methods for HIV detection is less clear; sensitivities as low as 55% (6 of 11 specimens) have been reported for specimens obtained in the neonatal period (27) . In our hands, the sensitivity for detecting HIV in pediatric specimens from all age groups combined was 97.7%. In the first 6 months of life, we detected 97.3% of 37 HIV-positive specimens and all of 30 HIV-positive infants by PCR, and in the first month of life we detected 90.0% of 10 HIV-positive specimens and all of seven HIV-positive infants. The specificity of our testing of infants and children of any age was 100%. The sensitive and specific detection of HIV infection, especially among infants sampled in the first month of life, indicates that early and reliable diagnosis of HIV infection can be achieved with PCR.
Factors that appear particularly important to us for achieving high PCR sensitivity include the following: (i) collection of blood specimens in EDTA rather than in heparin, since heparin can inhibit PCR amplification (13); (ii) collecting, storing, and processing blood specimens carefully to prevent the loss of DNA and to minimize the presence of heme-related compounds that inhibit the PCR reaction (12); (iii) testing each specimen with at least two different primer pairs, including the most sensitive primer pairs in our study, SK38/39 and SK145/150, thereby increasing the likelihood of amplifying viruses in low concentrations or with unusual DNA sequences (3); (iv) use of 40 cycles of amplification rather than a lesser number of cycles, since amplification is thereby maximized (15) ; and (v) checking each gel after electrophoresis to ensure that some evidence of amplified DNA bands is present for each primer pair used, and if not, retesting the original specimen after the minimum dilution necessary to enable definite amplification with the primer pair(s) of interest.
